Abstract Following Linehan's biosocial model, we conceptualize emotion dysregulation in borderline personality disorder (BPD) as consisting of four components: emotion sensitivity, heightened and labile negative affect, a deficit of appropriate regulation strategies, and a surplus of maladaptive regulation strategies. We review the evidence supporting each of these components. Given the complexity of the construct of emotion dysregulation and its involvement in many disorders, there is a need for research that specifies which components of emotion dysregulation are under study and also examines the interplay amongst these emotion dysregulation components.
Introduction
Borderline personality disorder is a serious mental disorder that is present in in 1 -3 % of the general population and, clinically, is the most commonly diagnosed personality disorder, present in 10 % of patients in outpatient settings, 15-20 % of patients in inpatients settings, and 30-60 % of patients diagnosed with personality disorders [1, 2•, 3] . Although often considered a 'disorder of dysregulation,' including dysregulation in the areas of interpersonal relationships, behavior, identity, and cognition, emotion dysregulation is considered to lie at the core of the disorder [4, 5•, 6, 7] .
Emotion dysregulation is the inability to flexibly respond to and manage emotions. Although this definition may appear straightforward, there is considerable variation in the phenomena studied under the heading of emotion dysregulation in BPD. Some researchers have focused on emotion sensitivity, others on affective intensity or affective lability, still others on emotional vulnerability, and so on. This is not especially surprising, given the complexity of the construct. One way to understand these disparate approaches is to view emotion dysregulation as a process, incorporating multiple interactive components, and not as an end-state [8] .
According to Linehan's biosocial theory [4, 5•] , individuals with BPD are emotionally sensitive from birth. This sensitivity leads to a propensity to experience negative affect across contexts and situations, which then makes it difficult to learn appropriate emotion regulation strategies. This deficit in appropriate regulation strategies likely contributes to a tendency to engage in dysregulated behaviors in order to manage and reduce negative affect. This four component process results in negative consequences, which, in turn, reinforce emotion sensitivity. The result is a recursive pattern of emotion dysregulation (Fig. 1) .
The present article takes this multi-component model of emotion dysregulation as its organizational framework. Instead of focusing on the broad construct of emotion dysregulation, we briefly review the evidence for each of the four components implicated in the biosocial model: Emotion sensitivity, heightened and labile negative affect, a deficit of appropriate regulation strategies, and a surplus of maladaptive regulation strategies. Note that although a consideration of these components provides the groundwork for a dynamic process model of emotion dysregulation, at present there is not enough empirical evidence to detail the interplay and direction of influence of these components. After reviewing recent studies targeting these components, we end this review with brief considerations for future research.
Emotion Sensitivity
Emotion sensitivity, the first component of our model, is thought to have biological origins and to be present from early life [4, 5•] . It consists of a heightened emotional reactivity to environmental stimuli, including emotions of others. Emotion sensitivity in BPD has primarily been associated with negative mood states (e.g., anger, fear, sadness) and not positive emotions (although see [9, 10] ). Along these lines, Carlson, Egeland, and Sroufe [11] found, in a prospective longitudinal study of 162 individuals, that measures of negative emotionality, a construct presumably influenced by emotion sensitivity, in early childhood and adolescence predicted later BPD symptoms.
Many studies of emotion sensitivity in individuals with BPD have employed traditional laboratory-based cognitive tasks using emotional stimuli. For example, in the typical Stroop task [12] , individuals are presented with words displayed in different colors and must ignore the word itself but name the color. In the emotional Stroop task, the words vary on their emotional significance. Theoretically, individuals sensitive to emotionally charged stimuli should have more difficultly suppressing their inclination to read the words, slowing their reaction times. Some studies have found that BPD individuals have slower reaction times on the emotional Stroop task [9, 10, 13] ; however, others did not [14] [15] [16] .
Although Wingenfeld et al. [16] did not find any significant reaction time differences between individuals with BPD and controls, except that the BPD group was slower overall, they found suggestive between-group differences in brain activity. Specifically, they found that the control group showed increased activation in the anterior cingulate cortex (ACC) and frontal lobe during the task, while the BPD group did not. This effect was particularly strong in controls when the negative stimuli were selected specifically to relate to a stressful event participants had self-reported before the experiment. The findings indicated that BPD individuals may have a cognitive, and especially attentional, bias toward processing negatively-valenced stimuli.
Studies of emotion recognition in BPD individuals similarly suggest a negativity bias in emotion recognition (for a review, see [17] ). That is, BPD individuals appear to be biased toward identifying negative emotions in others [18] [19] [20] [21] . This is despite, or in conjunction with, a tendency to be less accurate in correctly identifying emotions in facial stimuli [22] [23] [24] [25] . The mixed findings concerning overall accuracy in identifying emotions may be due to the different types of stimuli used (e.g., social versus non-social), different instructions offered, and different emotions examined [26] .
Negative Affect
The second component of emotion dysregulation in BPD is experiencing high levels of negative affect. This is theorized to be a direct consequence of emotion sensitivity, which, as stated above, has been primarily demonstrated to be specific to sensitivity toward negative mood states [27] . Findings suggest that negative affect is strongly associated with BPD [28, 29] , in terms of both intensity and reactivity as assessed by self-report and psychophysiological measures [30] . Individuals with BPD appear to experience more negative affect, on average, than individuals without BPD [e.g., 22, 31•] , but the evidence is somewhat inconsistent and differences are not always large [e.g., 27, 32, 33] .
However, the most important characteristic of negative affect in BPD is perhaps not its absolute level, but its instability over time and, particularly, its ability to intensify rapidly and without much warning. This, too, is a likely result of emotion sensitivity, as the high level of reactivity to Individuals with BPD are theorized to be sensitive to emotional stimuli from birth. Experiencing a negatively valenced stimulus (or interpreting a stimulus in a negative way) in the environment leads to increases in negative affect and affective instability. Heightened and unstable negative affect both makes it difficult to learn and to employ appropriate emotion regulation strategies and leads to an increase in maladaptive and impulsive regulation strategies. Emotion dysregulation consequences occur as a result, which, in turn, reinforce vigilance toward negatively valenced stimuli in the environment environmental stimuli in BPD individuals, especially toward events that are subtle or may seem innocuous to individuals without BPD, would be expected to cause rapid changes in mood.
The assessment of affective instability in BPD requires a more nuanced assessment approach than what traditional clinical assessment approaches (e.g., cross-sectional assessment, retrospective assessment) can provide, because affective instability is a dynamic, time-dependent process [34••] . Methods like ecological momentary assessment (EMA) [35] , however, can provide multiple assessments of mood per day over many days [36] and reveal acute increases in negative affect from one moment or occasion to the next [33] . This high-frequency assessment approach yields "intensive longitudinal data" [37] . This is the only way to precisely assess the dynamics of mood states, extreme changes of mood, and environmental triggers for mood changes. Approaches that involve retrospective assessment of mood or mood changes are limited, as are traditional trait questionnaire approaches [38] . Individuals are notoriously poor historians, even for significant events and experiences. Asking individuals to aggregate experiences across time, as retrospective approaches do, is even more dubious (e.g., to rate themselves on the frequency and intensity of an unstable process, like affective instability).
An added advantage of EMA is that mood states are assessed in the person's natural habitat. In other words, we are able to obtain a more ecologically valid assessment of a person's mood in his or her daily life [39] , while at the same time sampling experiences and events that may serve as antecedents, covariates, or consequences of mood changes [34••] . This focus on ecological validity differentiates daily life sampling methods like EMA from laboratory-based assessments of emotional dysregulation. For example, there are laboratory paradigms for eliciting emotional reactions (e.g., using pictures and films) and the individual's reactions can be assessed using brain imaging, coding of facial expression, or physiological response. However, in each case, it is unclear how such findings translate into real-world experiences.
EMA studies generally find greater instability of negative affect in BPD (for a review, see [31•] ). Here, we discuss two more recent EMA studies of the instability of negative affect in BPD. Ebner-Priemer et al. [40] suggested that previous diary studies of affective instability in BPD had found mixed results because of the methods used by these studies to measure affective instability. They recruited 50 participants with BPD and 50 controls who carried an electronic diary with them for 24 hrs. Participants were prompted every 10-20 minutes to answer questions about their current emotional state. For their analyses, Ebner-Priemer et al. [40] identified three components of instability that needed to be taken into account: Amplitude, whether changes are large or small, frequency, whether changes are rare or frequent, and temporal dependency, or in what sequence changes occur [41] . Previous analyses had largely overlooked amplitude and temporal dependency. Ebner et al. [40] used mean squared successive difference (MSSD) scores, which weight larger successive changes more and thereby account for amplitude and temporal dependency, and found that individuals with BPD were more unstable on scores of emotional valence and distress. They also found that BPD individuals were prone to large decreases in positive mood and that about half of these sudden decreases resulted in a negative mood state, compared to only 9 % of the declines in healthy controls.
Trull et al. [33] compared participants with BPD or major depressive disorder (MDD) over 28 days. Participants carried electronic diaries and reported on their positive and negative mood up to six times per day. Due to the multiple assessments for each individual per day, Trull et al. [33] used multilevel modeling to account for differences between groups of participants. BPD participants displayed more variability over time in both positive and negative affect. Using MSSDs adjusted for length of time interval between assessments, they found BPD individuals showed more instability of hostility, fear, and sadness, but not positive affect or general negative affect. Those with BPD were also more likely to report extreme changes for hostility scores. Interestingly, BPD individuals did not report greater mean levels of positive or negative emotions than MDD individuals. In sum, Trull et al. [33] extended the findings of EbnerPriemer et al. [40] , finding greater instability of specific negative affects over a longer period of time and in comparison to a clinical control group.
Inadequate Emotion Regulation Strategies
The third component of emotion dysregulation in BPD is a deficit in appropriate emotion regulation strategies. Negative affect is an inescapable part of everyday life for individuals with and without BPD. The majority of individuals without BPD are more or less able to manage their negative emotions most of the time with relative success. According to the biosocial theory, however, individuals with BPD, as emotionally-sensitive children experiencing heightened negative affect, did not learn the necessary skills to regulate emotion. As a result, they have difficulties with controlling what emotions they have, when they have them, and how those emotions are experienced [42] . Thus, strategies of emotion regulation can be targeted at shaping emotions before they occur or at modulating the emotion after it has begun [43] . We focus specifically on (lack of) adaptive strategies in this section, distinguishing them from maladaptive strategies, covered in the next section.
As already noted, the ability to identify what emotions one is experiencing is an important part of emotion regulation. Individuals with BPD have lower emotional awareness [44] . Similar to emotional awareness, is the ability to distinguish among emotional states, called emotional granularity [45] . Those high in emotional granularity are able to reliably and accurately differentiate their emotional states (e.g., distinguish sadness from anger). In contrast, those low in emotion granularity tend to describe emotional states in more global terms (e.g., feeling good or feeling bad). Suvak et al. [46•] 
In addition to recognizing and labeling their emotions, individuals with BPD have been found to have more problems employing emotion regulation strategies, based on both self-report and behavioral measures [48] [49] [50] [51] , and neuroimaging studies [52, 53] . Low levels of distress tolerance [54] are also associated with BPD [50] , suggesting that those with BPD have not developed coping strategies to manage episodes of aversive tension or unease. We discuss two recent studies that have found empirical support suggesting that deficits in adequate emotion regulation and distress tolerance play an important role in the development of BPD.
Salsman and Linehan [55•] investigated whether selfreported problems with emotion regulation, as measured by the Difficulties in Emotion Regulation Scale (DERS; [56] ), were indirectly associated with self-reported BPD symptoms when negative affect was accounted for. They recruited 456 undergraduates from two geographic locations and found that the 'limited access to emotion regulation strategies' factor was associated with BPD symptoms both when affect intensity and affective reactivity were accounted for. Other studies have found a similar effect for total DERS scores on the association between negative affect on BPD symptoms in both inpatients and undergraduates [51, 57] . These findings support the idea that the inability to appropriately manage affect is an important contributor to BPD.
Extending these findings, Bornovalova, Matusiewicz, and Rojas [58•] examined whether distress tolerance might moderate the relationships of negative emotionality and negative affect intensity on Personality Assessment Inventory-Borderline Features (PAI-BOR; [59] ) scores. To measure distress tolerance, they used two laboratory tasks designed to induce frustration and dysphoria, from which a composite score was created. They recruited 110 adult smokers from the community and 76 inpatient substance users. Findings suggested that there was an additive effect for distress tolerance on negative emotionality, such that negative emotionality was associated with PAI-BOR scores regardless of distress tolerance scores, but individuals with the lowest distress tolerance showed the strongest association. However, for affect intensity, there was a relationship with PAI-BOR scores only in individuals with low distress tolerance. Unfortunately, they did not test the cumulative effects of negative emotionality, negative affect intensity, and distress tolerance on BPD traits. Surprisingly, distress tolerance scores were not associated with PAI-BOR scores, contrary to the findings of other studies.
Negative emotionality, defined as a heritable trait reflecting a tendency to experience negative affect, is likely influenced by an emotion sensitivity bias (reviewed above). These findings suggest, then, that the ability to tolerate distress confers some protection against developing BPD symptoms, but more so in individuals who experience intense negative affect than those who are emotionally sensitive. This hints at possibly complex interplay between the different components of emotion dysregulation in individuals with BPD. On that same note, when broken down according to the subscales of the PAI-BOR, findings were only significant for the self-harm subscale, suggesting that individuals who were emotionally sensitive or prone to intense negative affect and who had low distress tolerance scores tended to engage in impulsive and reckless behavior (i.e., maladaptive emotion regulation strategies).
Maladaptive Regulation Strategies
The final component of emotion dysregulation is the behavior that may occur instead of appropriate emotion regulation strategies, leading to emotion dysregulation problems that may be observed by others. One explanation of how these behaviors emerge is offered by the emotional cascade model [60] . This model hypothesizes that, if negative affect becomes sufficiently intense, individuals tend to choose maladaptive behaviors over adaptive ones. This may be because maladaptive behaviors often have a more immediate effect or are simpler to employ than more adaptive ones. Yet, although such maladaptive behavior may be effective at reducing negative affect, it is ultimately problematic, either because of negative consequences, because it is not effective over the long-term, or both. Selby et al. [61] found support for this model in individuals with BPD. Similarly, Coifman et al. [47•] found that greater polarity of affect, in the absence of interpersonal stress, predicted increased reports of impulsive and self-injurious behaviors.
There is a great deal of evidence that BPD individuals engage in maladaptive regulation strategies in an attempt to reduce their negative affect. BPD has been linked to maladaptive cognitive strategies such as rumination [61, 62] and thought suppression [63, 64] , which often increase, instead of decrease, negative affect. Research also suggests that BPD is associated with experiential avoidance, defined as behavior engaged in to escape an unwanted experience, such as negative affect [65, 66] . Two types of behaviors that are common in BPD are impulsive and suicidal and selfinjurious behaviors. Here, we review the evidence that individuals with BPD engage in impulsive behaviors and suicidal and self-injurious behavior (SIB) specifically as a means of affect regulation.
In general, BPD is associated with a number of impulsive behaviors that may serve to reduce negative affect, including eating disorders, impulsive buying, and substance use, for example. BPD is also strongly associated with the Urgency subscale of the UPPS Impulsivity Scale [67] , although it is associated with other subscales of impulsivity, as well [68] . The Urgency subscale is closely linked to negative affect and refers to the tendency for individuals to act impulsively while in a negative mood, potentially in an attempt to relieve or reduce their negative affect. Tragesser and Robinson [69] found that self-reported affective instability and urgency, as well as (lack of) premeditation, uniquely predicted scores on the PAI-BOR in a sample of undergraduates. From a neurobiological perspective, Silbersweig et al. [70] found that BPD individuals showed decreased activation in the ventromedial prefrontal cortex, relative to controls, in an emotional linguistic go/no-go task requiring behavioral inhibition, but only on trials involving negatively-valenced words. This suggests that this region of the brain might play a role in the tendency for individuals with BPD to act impulsively in the context of negative affect. Conversely, Chapman, Leung, and Lynch [49] found that BPD individuals in a negative emotional state committed fewer impulsive responses on a passive avoidance learning task than BPD individuals not in a negative emotional state. However, this may have been because of the nature of the task, in which stimuli were associated with either reward or punishment and participants had to learn to respond or inhibit responding accordingly. It is difficult to see how acting impulsively on such a task would be tied to negative affect, thereby giving BPD individuals no incentive to act impulsively.
Regarding suicidality, Yen et al. [29] found that affective instability, along with identity disturbance and impulsivity, predicted suicidal behaviors and, with childhood sexual abuse, was a predictor of suicide attempts. There is also evidence that SIB serves as a method of emotion regulation in BPD. SIB is defined as behavior that intentionally damages the body without lethal intent and includes a range of actions (e.g., cutting, burning, scratching). Between 50 and 90 % of individuals with BPD engage in SIB [71, 72] . By far the most common reason individuals with BPD give when asked why they engage in SIB is that it reduces feelings of negative affect and helps regulate their mood [73] .
Interestingly, individuals with BPD report little or no pain when engaging in SIB or during pain-induction tasks [74] [75] [76] [77] [78] [79] [80] . This effect appears to be even greater when participants are experiencing distress [74, 75] . Franklin and colleagues [81] found that emotion dysregulation mediated the relationship between SIB and pain tolerance, although they did not use a BPD sample. Recently, Niedtfeld et al. [82•] attempted to unravel the neurobiological link between pain and emotion regulation in BPD. Reanalyzing inconclusive data from Niedtfeld et al. [77] , they examined the functional connectivity between paralimbic and prefrontal brain structures in individuals with BPD after painful stimulation. Following negative stimulus pictures, BPD patients showed a negative coupling between paralimbic and prefrontal regions, possibly indicating that prefrontal areas inhibited paralimbic regions following pain in this group. Controls showed this same pattern, but only following neutral pictures.
Conclusion
Having reviewed the four principal components of emotion dysregulation in BPD, as defined by Linehan's biosocial model [4, 5•] , it is clear that there are multiple ways of investigating the topic of emotion dysregulation. The available evidence supports the importance of each of these components in BPD. From our review, we can conclude that evidence supports a negative bias in identifying emotions in others and presumably in evaluating others. Such a bias is likely to lead to more intense negative affect in those with BPD, and, in particular, affective instability and reactivity to both events and to others that are encountered in day-to-day life. Unfortunately, those with BPD are relatively unable to tolerate the distress that is encountered in daily life, and they are prone to engage in maladaptive strategies to manage the distress and episodes of intense negative affect (e.g., rumination, thought suppression, experiential avoidance, impulsive behaviors). In summary, our review indicates how pervasive emotion dysregulation is in BPD, manifesting in multiple and distinctive ways.
Unfortunately, many researchers invoke 'emotion dysregulation' without mention of specific components or otherwise clearly defining their use of the term. This can make it difficult to put different studies into context, as they work from different starting points, employ different methods, obtain different outcomes, and yet all purport to study emotion dysregulation. For example, we have demonstrated that sensitivity to emotional stimuli (in this case a negative interpretation bias) and labile negative affect are two distinguishable constructs, but the terms 'emotion sensitivity' and 'affective instability' are both often considered as synonymous and interchangeable with 'emotion dysregulation. ' This practice is short on nuance and has negative consequences for the field. First, it threatens to render the term 'emotion dysregulation' vague and perhaps meaningless. To say that BPD is associated with emotion dysregulation is similar to saying that individuals with BPD have problems with their emotions. This puts those with BPD in the same category as individuals with depression, anxiety, bipolar disorder, schizophrenia, autism spectrum disorder, and even many others who do not meet criteria for a psychiatric disorder. Conversely, to say that BPD is associated with an emotion dysregulation process that consists of emotion sensitivity, heightened negative affect, a deficit of appropriate emotion regulation strategies, and a surplus of inappropriate regulation strategies more precisely specifies the emotion dysregulation problems of individuals with BPD.
That is not to say that the model provided here is the best or even penultimate model of emotion dysregulation in BPD, or that it is necessarily complete. There may be additional areas of emotion dysregulation that BPD individuals struggle with or, perhaps, some researchers might differentiate between constructs we included within the same component. For example, emotional awareness could be considered distinct from emotion regulation skills. Our decisions on how to define each component are admittedly somewhat subjective, and the full model itself has not been tested empirically. The important takeaway point, however, is that, as research on emotion dysregulation is already being conducted at the level of its components, there is much to be gained by speaking about emotion dysregulation in a more precise manner and as a dynamic process.
Second, defining emotion dysregulation in vague terms likely obscures the interrelationships between the different components of emotion dysregulation. Although some have investigated the relationship between multiple components (e.g., the emotional cascade model proposes a mechanism for how heightened negative affect leads to maladaptive regulation strategies), most studies have focused on only one component. A more precise and dynamic view of emotion dysregulation brings to the forefront questions about how problems in each component develop over time and how emotion dysregulation in BPD is different from emotion dysregulation in other disorders. Research is needed that assesses multiple emotion dysregulation components within the same sample in order to understand how they interact. Many of the assumptions of the biosocial model, and those implicit in our model, remain to be put to an empirical test. For example, our model suggests that earlier components in the model have a causal effect on later ones, but it is possible, perhaps even likely, that different components are mutually reinforcing and that their relationships are more complex.
In summary, emotion dysregulation is a complex process and one that appears to be core to the disorder of BPD. It is also a process that develops over the lifetime, likely beginning in infancy. We have proposed an organizational structure of the components of emotion dysregulation, derived from Linehan's biosocial theory [4, 5•] : Emotion sensitivity, heightened negative affect, a deficit of appropriate regulation strategies, and a surplus of maladaptive regulation strategies. We believe that there are important benefits for research that first specifies those aspects of emotion dysregulation under study and, second, examines these components in the context of other emotion dysregulation components.
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